Bringing together many of the world's leading experts, this volume is a comprehensive, state-of-the-art review of climate change science, impacts, mitigation, adaptation, and policy. It provides an integrated assessment of research on the key topics that underlie current controversial policy questions.
Dedication of this book to Alan Manne
During the course of writing this book, the climate community lost one of its greatest treasures. On September 27, 2005 Alan Manne died while doing what he enjoyed most, horseback riding -an activity that he took up when he was 62 and passionately pursued for nearly two decades.
Alan was a gifted modeler who consistently produced ingenious solutions to important problems in both the private and public sectors. When asked to describe the goals of Operations Research, a discipline which he helped to found, he noted, "It is simple; it's doing the best you can with what you have." Adhering to this straightforward but powerful philosophy, he contributed enormously to our understanding of the challenges posed by global climate change, first in deepening our understanding of what would be required to slow the rate of global warming, and then in providing an elegant framework for thinking about benefits and costs.
Born in New York City on May 1, 1925, Alan received a bachelor's degree in economics from Harvard College at the age of 18. After serving in the Navy during the Second World War, he returned to Harvard, where he earned a doctorate in economics in 1950. He stayed on there as an instructor before accepting a position at the Rand Corporation as an economic analyst from 1952 to 1956. He subsequently served as a professor at Harvard, Yale and Stanford Universities, with a brief hiatus as an economist at the International Institute for Applied Systems Analysis in Vienna, Austria. He retired formally from teaching in 1992 when he became professor emeritus in Stanford's Department of Operations Research.
Over four decades, Alan applied economic models internationally, aiding India in developing its fertilizer industry, and developing industrial-resource and planning models for Mexico and Turkey. He also explored the economic consequences surrounding alternative fuels and energy conservation. More recently, he shifted his focus to addressing the risks posed by global climate change.
During his career he received many honors, including being named a fellow of the Econometric Society and the American Academy of Arts and Sciences, Member of the National Academy of Engineering, and recipient of the Larnder Memorial Prize of the Canadian Operations Research Society, Lancaster Prize of the Operations Research Society of America, and the Paul Frankel Award from the US Association of Energy Economists. He also received honorary degrees from Gutenberg University and from the University of Geneva.
Alan's contributions to our understanding of the impacts of human activity on climate extend well beyond his personal research. Over the years, he taught and mentored a generation of students who share his values and high standards. These include those who had the honor to learn from Alan directly in the classroom and through personal collaborations, and the broader community who benefited indirectly through meetings such as the Climate Change Impacts/Integrated Assessment meetings held annually in Snowmass, Colorado, for the past 11 years. As such, it is fitting that this volume be dedicated to Alan, and it is comforting that his work lives on through a new generation of researchers.
No tribute to Alan would be complete without acknowledging the others in the Manne family who provided the warm, gracious, and welcoming environment for so many of Alan's interactions with his colleagues, students, and friends. These include his dear wife Jacqueline, and three children, of whom he was so proud: Edward, Henry, and Elizabeth. His passion and devotion to his family -and theirs to him -were clear to all.
Richard Richels January 8, 2006 Protection Agency, the US National Oceanographic and Atmospheric Administration, the US National Science Foundation, the Australian Bureau of Agricultural Resource Economics, the ExxonMobil Corporation, the National Institute for Environmental Studies of Japan, and the European Commission. The initial meeting in 1995 was organized under what turned out to be a rather naïve assumption that the climatechange impact-modeling community would show up and hand off a set of damage functions to the integrated assessment modelers, and then the two groups could part and continue on their independent research paths. What resulted instead was a rich, sometimes heated, interchange among the two communities. From the perspective of an integrated assessment modeler, the IA community learned much about the complexities of representing climate impacts and saw the need to learn much more.
Eleven years and eleven meetings later we are far better informed, even if the representation of impacts of climate change in our integrated assessment models remains nascent. Models are always a simplification of the real-world processes they hope to represent. Understanding better the full complexity of systems, even if it is not possible to represent all this complexity in a model, can lead to more intelligent use of models and results because one is better able to describe the caveats, limits, and possible biases and omissions. Rather than a hand-off of results, the annual meeting has become instead an intensive set of tutorials for integrated assessment modelers, bringing together top scientists and economists who describe recent advances in their fields and in so doing challenge the integrated assessment community to represent these processes in their models. The very nature of the meeting and research is interdisciplinary.
Where does disciplinary research end and integrated assessment begin? Fortunately, the answer to this question has blurred as integrated assessment modeling has matured. In representing interactions between complex systems, these models provide new scientific research results and insights that cannot be demonstrated with component models run alone. They have become more than simple assessment tools. At the same time, these new findings have stretched the Earth system modeling community to more fully integrate human systems. The organization of this volume reflects the research approach of the community, juxtaposing results and chapters from some of the more complete integrated assessment models with results from more detailed models of one or a few components of the full Earth system. Part I of the volume, Climate system science, addresses new topics and findings related to the physical-biological Earth system. Several chapters examine interactions between air pollution and climate including the roles of aerosols and tropospheric ozone. Another set focus on climate interactions with the carbon cycle, including chapters on land use, the biosphere, and emissions time paths in stabilization regimes. Finally, a recurring theme throughout the volume is uncertainty, represented in this section by chapters that have tried to establish quantitative probability estimates of climate sensitivity and change.
Part II of the volume, Impacts and adaptation, addresses the original focus of the Snowmass meetings. Chapters range from surveys that pull together estimates for different sectors and regions to provide a comprehensive evaluation of climate damages, to new studies and reviews for individual sectors ranging from water and agriculture, ecosystems and biodiversity, health, coastal effects of sea-level rise, and effects on tourism. Also included are chapters that address how this research might be used in the policy process, whether that relates to avoiding "dangerous interference" in the climate system, the key goal of the Framework Convention on Climate Change, or the more on-the-ground problem of working with planning ministries to improve the adaptive capacity of vulnerable people and activities.
Part III, Mitigation of greenhouse gases, addresses current topics related to mitigation of greenhouse gases. These chapters deal with the potential roles of various technological options that would limit greenhouse gas emissions, ranging from carbon dioxide capture and storage, to hydrogen systems to improvements in energy efficiency. Chapters cover options for reducing non-CO 2 greenhouse gases, and the potential for enhancing terrestrial carbon sinks. Also within this section are chapters that address the role of expectations and technical issues that arise in evaluating the costs of mitigation measures, and that draw on lessons from monetary policy on how to set policy under uncertainty.
Finally, Part IV Policy design and decisionmaking under uncertainty, is devoted to issues related to the design of mitigation policy. These chapters often draw on formal methods developed to deal with decisionmaking under uncertainty, including the acquisition of information to reduce uncertainty. They consider issues of communicating risk and uncertainty as well as issues of international and domestic policy design.
The volume as a whole provides a solid overview of research on key topics that underlay currently controversial policy questions, addressing these topics using different approaches. It succeeds in addressing topics of interest to the technical modeling community, providing new results of interest to the policy community, and in offering an overview of the rapidly developing field of integrated assessment modeling. It has been our pleasure to attend nearly all of the Snowmass meetings and have the opportunity to interact with the fantastic group of scientists that assemble each summer. We hope this volume conveys much of the excitement and vitality of the community to those who have, at least so far, not been able to attend this workshop, and in so doing encourages the next generation of researchers to join us in this endeavor.
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